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EnzymesAbstract This study was carried out on sea bream (Sparus aurata) with initial ﬁsh weight of
1.9 ± 0.1g to evaluate the effect of addition of basil (Ocimum basilicum), in different forms on;
growth performance, feed utilization, body composition, biometric indices and some serum con-
stituents. Four experimental diets were formulated; Diet 1: control diet (without basil, CTR);
Diet 2: 2% dried basil leaves, (BL), Diet 3: 2% dried basil seeds, (BS) and Diet 4: 2% soaked
and dried basil seeds, (BSS). Fish were fed experimental diets twice a day until visual apparent satia-
tion, 7 days a week for 84 days. The results showed an improvement in ﬁsh growth and feed utiliza-
tion indices when fed diets were supplemented either with BS or BSS respectively. Feeding of either
BL or BS resulted in an enhancement in protein retention coinciding with depression in lipid con-
tent. Digestive enzyme (amylase and lipase) activities and serum total protein were elevated by the
administration of basil in all forms to sea bream diet as compared to the control.
ª 2015 National Institute of Oceanography and Fisheries. Hosting by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
Medicinal and aromatic plants can be used as feed additives;
they can improve animal growth performance, play animportant role in improving the utilization efﬁciencies of ﬁsh
diets and also can be considered as attractants. Furthermore,
medicinal herbs may be optimal additives of artiﬁcial diets
for aquatic animals from the stand point of their antimicrobial
and antiseptic actions.
Spices and natural herbs such as marjoram, basil, licorice
root, black seed, peppermint, caraway and cumin have been
shown to be beneﬁcial by Sakr (2003), Shalaby et al. (2003),
El-Dakar et al. (2004a,b,c), Ahmad and Abdel-Tawwab
(2011) and Yılmaz et al. (2013).
204 A.Y. El-Dakar et al.Common basil (Ocimum basilicum L.), a member of the
Lamiaceae family is an annual herb which grows in several
regions around the world. Basil is an essential oil crop which
is cultivated commercially in many countries (Sajjadi, 2006)
and has been extensively utilized in food as a ﬂavoring agent,
and in perfumery and medical industries (Telci et al., 2006).
Bihari et al. (2011) reported that the phytochemical screening
of O. basilicum revealed the presence of glycoside, gums, muci-
lage, proteins, amino acids, tannins, phenolic compound,
triterpenoids, steroids, sterols, saponins, ﬂavones and ﬂavo-
noids in it. A total of 29 compounds representing 98.0–
99.7% of the oils are identiﬁed by Hussain et al. (2008) in O.
basilicum. Essential oil composition and phenolics have been
well reviewed by Makri and Kintzios (2008). Also, Tomar
et al. (2010) reported that basil has exceptionally high content
of B-carotene, and lutein-zeaxanthin. Basil leaves contain
0.17% oleanolic acid and a small amount of ursolic acid
(List and Ho¨rhammer, 1977). The green leaves contain high
concentration of vitamins, minerals and oils (Khare, 2007).
Sakr (2003) reported that basil leaves are rich in ocimene,
methyl chavecol and linalool which were predominantly effec-
tive compounds in the volatile oil and basil leaves meal may be
acting on ﬁsh growth, feed and protein conversion, and nutri-
ent retention efﬁciencies by its constitution of the volatile oil.
Additionally, basil has shown antioxidant and antimicrobial
activities due to its phenolic and aromatic compounds
(Gutierrez et al., 2008).
Accordingly, it was necessary to throw some more light on
using basil in marine farmed ﬁsh diets and study its effects on
ﬁsh performance. Nutrition of sea bream (Sparus aurata) is an
area of research that has recently received considerable atten-
tion because of the inﬂuence of nutrition on ﬁsh growth and
health as well as on cost of production. The present work
was conducted to investigate the effects of using dried basil
leaves, dried basil seeds and dried soaked basil seeds (to avoid
negative effects of antinational factors in basil seeds), as
growth promoters and feeding attractants; on growth, feed
conversion, nutrient retention efﬁciencies, body composition,
biometric measurement indices and some serum constituents
for sea bream S. aurata ﬁngerlings.
Materials and methods
Experimental ﬁsh and feeding regime
Gilthead sea bream ﬁngerlings were obtained from EL-Wafa
Marine Fish Hatchery (Ismailia governorate) and transferred
to Fish Nutrition Lab. NIOF, Anfoushy, Alexandria. Fish were
acclimatized to the laboratory conditions for 20 days. Healthy
ﬁsh were randomly distributed in 12 glass aquaria (100 L each)
at a density of 16 ﬁsh per aquarium with an average weight of
1.9 ± 0.1 g/ﬁsh on triplicate groups per treatment. The aquaria
were daily cleaned and excreta were siphoned. Light was about
12:12 h light: dark cycle throughout the day.
Water quality parameters were monitored on a weekly basis
throughout the experimental period using the standard APHA
methodology (1995) by the mean of multi-purpose water meter
(YSI 600 XL, Xylem Inc., USA). The parameters are; water
temperature (20 C± 2), salinity (37.5 ± 0.5 ppm), dissolved
oxygen (7 ± 0.2 mg/l) and pH (7.9 ± 0.1). Fish were fed the
test diets until visual apparent satiation, 7 days a week for84 days. Fish in each aquarium were counted and weighed
(collectively) biweekly throughout the feeding trial. Total
amount of feed consumed by the ﬁshes in each aquarium, dur-
ing the study period, was determined and feed consumed for
each individual ﬁsh was calculated accordingly.
Experimental diets
Dried basil leaves and seeds were obtained from the local
market. Four isonitrogenous (45% crude protein), isocaloric
(477 kcal/100 g gross energy, GE) experimental diets were
formulated to fulﬁll sea bream requirements at this age stage;
Diet 1: control diet (without basil), (CTR); Diet 2: 2% dried
basil leaves, (BL), Diet 3: 2% dried basil seeds, (BS) and
Diet 4 2% soaked and dried basil seeds, (BSS) to partially
replace wheat ﬂour as shown in Table 1. All dry dietary ingre-
dients were ground, sieved and blended together thoroughly
then oil was added. The mixer was moistened; cold-pelleted
with a laboratory mincer, and dried at 40 C for 24 h. then
stored in plastic bags at 20 C until use.
Data collection and sample analysis
At the end of experiment, the ﬁshes of each aquarium were
weighed collectively and average ﬁnal weight (g/ﬁsh) was
calculated.
Hematological analyses
At the end of the experiment six ﬁsh from each aquarium were
cut at the caudal peduncle and blood was collected in coded
plastic tubes.
Serum constituents
Blood samples were collected and transferred to centrifuge
tubes and allowed to clot at room temperature. Serum was
then separated by centrifugation at 3000 rpm for 5 min. The
serum was stored at -20 C until further analysis. Serum total
protein (g/dl) was determined calorimetrically using kits sup-
plied by El-Nasr Pharmaceutical Chemicals Co. (Egypt).
Serum total lipid (g/dl); serum cholesterol (mg/dl); lipase and
amylase activities were determined calorimetrically using com-
mercial kit’s DIAMOND DIAGNOSTIC Co. (Egypt).
Determination of some biometric indices
After blood sample collection, all ﬁsh were scariﬁed and soon
the abdominal cavities of three ﬁsh from each aquarium were
opened to remove viscera which are to be weighed at once.
Total length, total weight, liver and viscera weights and gut
length were recorded in order to calculate; hepatosomatic
index (HSI), viscerosomatic index (VSI), condition factor
(CF) and relative intestine length (RIL).
Hepatosomatic index (HSI) was determined according to
Busacker et al. (1990) as follows:
HSI = 100 [liver weight (g)/ total body weight (g)];
Viscerosomatic index (VSI) was estimated according to
Ricker (1979) as follows: VSI = 100 [viscera weight (g)/ total
body weight (g)], CF was estimated according to Fulton
Table 1 The composition and chemical analyses (% on dry matter basis) of the experimental diets.
Ingredients composition Experimental diets composition (%)
Control (CTR) Basil leaves (BL) Basil seed (BS) Soaked and dried basil seed (BSS)
Fish meal (68%) 50 50 50 50
Soybean meal 22 22 22 22
Yellow corn 6 6 6 6
Wheat bran 8 8 8 8
Wheat ﬂour 5.95 3.95 3.95 3.95
Premix1 2 2 2 2
Fish oil 3 3 3 3
Sun ﬂower oil 3 3 3 3
Di-calcium phosphate 0.05 0.05 0.05 0.05
Basil leaves (BL)2 – 2 – –
Basil seed (BS)3 – – 2 –
Basil soaked seed (BSS) – – – 2
Chemical composition%
Dry matter (DM) 96.7 96.8 96.7 96.4
Crud protein (CP) 44.6 45.0 45.4 45. 7
Ether extract 11.3 11.1 12.5 11.6
Crude ﬁber 2.87 2.96 2.92 2.94
Nitrogen free extract4 (NFE) 28.96 28.11 27.06 28.14
Ash 12.3 12.4 12.1 11.9
Gross energy5 (kcal/100 g DM) 477.2 476.7 485.5 481.4
P:E ratio (mg CP: kcal) 93.4 95.3 93.6 94.3
1 Vit./min. Premix (mg kg1); p-amino benzoic acid (9.48); D-biotin (0.38); inositol (379.20); niacin (37.92); Ca-pantothenate (56.88);
pyridoxine–HCl (11.38); riboﬂavin (7.58); thiamine–HCl (3.79); L-ascorbyl-2-phosphate Mg (APM) (296.00); folic acid (0.76); cyanocobalamine
(0.08); menadione (3.80), vitamin A-palmitate (17.85); a-tocopherol (18.96); calciferol (1.14). K2PO4 (2.011); Ca3(PO4)2 (2.736); MgSO4 7H2O
(3.058); NaH2PO4 2H2O (0.795).
2 Chemical composition: 3.8% protein, 0.3% fat, 2.0% ash and 1.5% ﬁber.
3 Chemical composition: 10.5% protein, 18.4% fat, 5.4% ash and 3.6% ﬁber.
4 Calculated by difference.
5 Gross energy (GE) was calculated as 5.64, 9.44 and 4.11 kcal/100 g for protein, lipid and NFE, respectively (NRC, 1993).
Basil supplementation in Gilthead sea bream diet 205(1904); CF = 100 * (TW/TL3) where; TW: Total ﬁsh weight
(g); TL: Total ﬁsh length (cm). Relative intestine length
(RIL) was determined according to Al-Hussini (1947) as fol-
lows: RIL = absolute intestine length (cm)/ TL (cm).
Chemical analyses of diets and ﬁsh
Diets and whole-ﬁsh body from each treatment were analyzed
according to the standard methods of AOAC (2000) for mois-
ture, crude protein, crude fat and ash.
Fish performance
Growth rate and feed utilization efﬁciency indices calculated as
mentioned by Ballestrazzi et al. (1994) are as follows: Weight
gain = ﬁnal weight (g) – initial weight (g); Speciﬁc growth rate
(SGR) = 100 (ln W2ln W1)/T; where W1 and W2 are the ini-
tial and ﬁnal weight, respectively, and T is the number of days
of feeding trial; Feed conversion ratio (FCR) = feed intake
(g)/weight gain (g); Protein efﬁciency ratio (PER) = weight
gain (g) /protein intake (g); Protein productive value
(PPV) = 100 [protein gain (g)/protein fed (g)] and Energy uti-
lization (EU;%)=100 · (energy gain (g)/energy intake (g)).
Statistical Analyses
Mean value and standard error (mean ± SE) for each parame-
ter of all treatments was calculated. The results were subjectedto a one way analysis of variance (Linear method) to test the
effect of treatment inclusion on ﬁsh performance. Data was
analyzed using SPSS program (1997), Version 16. Differences
between means were compared using Duncan multiple range
test at P< 0.05 level.
Results
Growth performance and feed utilization efﬁciency
Initial weight, ﬁnal weight, weight gain, speciﬁc growth rate
and survival rate of sea bream ﬁngerlings are presented in
Table 2. The highest weight gain and speciﬁc growth rate
values, at the end of the experiment, were recorded in the
BS group to be 6.80 g and 1.41%/day, respectively and these
values were signiﬁcantly (P< 0.05) different comparing
with either CTR or BL ﬁsh groups. Fish fed BSS diet
showed insigniﬁcant growth indices comparing with all other
groups. Best FCR and PER values were also recorded in ﬁsh
fed BS diet (1.61 and 1.36 respectively). Fish fed basil in dif-
ferent forms showed superiority in all feed utilization indices
comparing with the CTR ﬁsh group. No signiﬁcant differ-
ences were recorded in the survival rate among groups
(P> 0.05).
Results of proximate analyses of ﬁsh fed the CTR and test
diets are illustrated in Table 3. Moisture content in different
ﬁsh groups ranged between 65.91% (BSS) and 68.81%
(CTR). Fish fed BL and BS has signiﬁcantly higher protein
Table 2 Effects of dietary BL, BS and BSS on growth performance and feed utilization indices of sea bream (mean ± SE).
Experimental diets
CTR BL BS BSS
Initial body weight (IW, g/ﬁsh) 1.88 ± 0.1 1.88 ± 0.1 1.89 ± 0.1 1.89 ± 0.1
Final body weight (FW, g/ﬁsh) 7.41±0.05b 7.5±0.19b 8.70±0.36a 8.3±0.52ab
Total weight gain (TWG, g/ﬁsh) 5.53±0.51b 5.6±0.19b 6.80±0.37a 6.41±0.52ab
Speciﬁc growth rate (SGR, %/d) 1.25±0.01b 1.26±0.04b 1.41±0.07a 1.36±0.09ab
Feed intake (FI, g/ﬁsh) 11.79±0.29a 10.20±0.49b 11.33±0.36ab 11.30±0.41ab
Protein intake (PI, %) 5.08±0.13a 4.43±0.21b 4.96±0.16ab 4.98±0.18ab
Feed conversion ratio (FCR) 2.06±0.06a 1.76±0.03b 1.61±0.07b 1.70±0.14b
Protein eﬃciency ratio (PER) 1.09±0.03b 1.27±0.01ab 1.36±0.05a 1.29±0.1a
Protein productive value (PPV) 20.25±0.63b 30.64±0.49a 27.67 ± 1.03a 31.12 ± 2.26a
Energy utilization (EU, %) 11.16±0.33b 9.30±0.16c 14.74±0.47a 10.93±0.71b
Survival rate (SR, %) 96 ± 2.08 100 ± 0 100 ± 0 98 ± 2.08
Means in the same rows having different letters are signiﬁcantly (P< 0.05) different.
Table 3 Fish body composition (mean ± SE) (% wet matter) of sea bream fed BL, BS and BSC diets for 84 days.
Body composition on wet weight (%)
CTR BL BS BSS
Moisture 68.81 ± 0.51a 67.62 ± 0.41ab 66.90 ± 0.56bc 65.91 ± 0.28c
Crude protein 18.19 ± 0.44c 22.55 ± 0.47a 22.24 ± 0.27a 20.88 ± 0.43b
Lipid 8.11 ± 0.26a 5.21 ± 0.13b 6.26 ± 0.19b 7.93 ± 0.23a
Ash 4.77 ± 0.06b 4.34 ± 0.14c 4.47 ± 0.08c 5.08 ± 0.10a
Means in the same rows having different letters are signiﬁcantly (P< 0.05) different.
Table 4 Biometric parameters (mean ± SE) of sea bream fed BL, BS and BSS diets for 84 days.
Experimental diets
CTR BL BS BSS
Viscerosomatic index (VSI) 4.7 ± 0.65b 5.1 ± 0.26ab 6.0 ± 0.36a 5.7 ± 0.23a
Hepatosomatic index (HSI) 1.4 ± 0.16 1.7 ± 0.28 1.6 ± 0.09 1.4 ± 0.19
Condition factor (CF) 1.5 ± 0.04 1.4 ± 0.07 1.5 ± 0.06 1.4 ± 0.06
Relative intestine length (RIL) 0.89 ± 0.7b 0.85 ± 0.9b 1.23 ± 0.1a 1.05 ± 0.1a
Means in the same rows having different letters are signiﬁcantly (P< 0.05) different.
206 A.Y. El-Dakar et al.content (22.55 and 22.24%, respectively) when compared with
ﬁsh fed either CTR or BSS diets (18.19 and 20.88%, respec-
tively). Lipid and ash analyses indicate a signiﬁcant decrease
in their values in ﬁsh fed BL and BS diets when compared with
CTR and BSS diets.
Biometric measurements
At the end of feeding trial hepatosomatic (HSI) and vis-
cerosomatic (VSI) indices as well as condition factor (CF)
and relative intestine length (RIL) of experimental ﬁsh groups
were calculated and are summarized in Table 4. Fish fed BS
diet has the highest values of VSI and RIL (6.0 and 1.23,
respectively) and these values were signiﬁcantly different with
ﬁsh fed CTR diet (4.7 and 0.89, respectively). Signiﬁcant varia-
tion was observed between BL and BS groups in RIL values.
Neither of HSI nor CF values showed signiﬁcant variations
among treatments.Serum constituents
Table 5 illustrates that serum total protein concentration value
in CTR and BS groups was equal (2.5 g/dl) and signiﬁcantly
lower (P< 0.05) comparing with other two ﬁsh groups. In
contrast, serum total lipid values in CTR and BS were signiﬁ-
cantly higher relative to other groups (1.12 and 1.08 g/dl
respectively). Cholesterol concentration in the CTR group
was signiﬁcantly (P< 0.05) the lowest among all groups.
Serum lipase concentrations increased by including basil in dif-
ferent forms in ﬁsh diets relative to CTR meanwhile, serum
amylase concentration was insigniﬁcantly different among
groups (P> 0.05).
Discussion
Using of natural feed additive is becoming useful for ﬁsh feed-
ing rather than classic chemical feed additives due to the
Table 5 Serum constituents (mean ± SE) of sea bream fed BL, BS and BSS diets for 84 days.
Experimental diets
CTR BL BS BSS
Total protein (g/dl) 2.5 ± 0.06c 3.7 ± 0.13a 2.5±.04c 3.2 ± 0.05b
Total lipid (g/dl) 1.12 ± 0.04a 0.69 ± 1.8c 1.08 ± 0.6a 1.03 ± 1.5b
Cholesterol (mg/dl) 223.11 ± 0.05c 274.22 ± 1.0a 243.18 ± 0.7b 254.53 ± 1.2ab
Lipase (U/l) 11.50 ± 0.5b 15.06 ± 2.0a 13.99 ± 1.0a 16.21 ± 2.0a
Amylase (U/l) 1.0 ± 0.1 1.2 ± 0.1 1.2 ± 0.2 1.5 ± 0.1
Means in the same rows having different letters are signiﬁcantly (P< 0.05) different.
Basil supplementation in Gilthead sea bream diet 207accumulative effect of the chemical components induced deter-
rent effects on consumer health. The use of medicinal and aro-
matic plants in ﬁsh diets especially marines is still limited, this
being accomplished only at experimental scale.
In the present study an improvement in sea bream growth
and feed utilization indices was recorded when ﬁsh fed diet
containing basil seed when compared with either basil leaves
or control diet but survival rates were insigniﬁcantly affected
among groups. Superiority of using seeds rather than leaves
in growth performance may be explained by that seeds contain
much higher content of protein and lipid relative to leaves and
also basil seeds contain active compounds such as planteose,
mucilage, polysaccharides and ﬁxed oil that consists of linoleic
acid (50%), linolenic acid (22%), oleic acid (15%) as well as
8% unsaturated fatty acids (List and Ho¨rhammer, 1977).
According to Amirkhani and Firouzbakhsh (2013), basil
leaves extract improves growth and speciﬁc growth rate and
lowers FCR of common carp (Cyprinus carpio) at 4% and
8% inclusion levels in ﬁsh diet, however, the survival was
not affected (P> 0.05) by basil-supplemented diets. Also
incorporation of dried basil leaves in Hybrid Tilapia,
Oreochromis niloticus X Oreochromis aureus, ﬁngerling diets
improved growth rate signiﬁcantly (P< 0.05) than the control
diet especially at 2% dried basil leaves which achieved the best
inclusion level (El-Dakar et al., 2008). Abbas (2010) reported
that chicks fed diet supplemented with basil at 3 g/kg diet
had the best FI, FCR, live body weight and feed efﬁciency.
In European sea bass Dicentrarchus labrax species after the
administration of 1% thyme in ﬁsh diet, an improvement in
values of growth and feed utilization indicators (SGR, FCR,
PER) was recorded (Ylmaz et al., 2012). In Japanese ﬂounder
Paralichthys olivaceus (Kim et al., 1998a), greasy grouper
Epinephelus ustauvina (Sivaram et al., 2004), shrimp Penaeus
indicus (Immanuel et al., 2004) and abalone Haliotis discus
hannai (Lee et al., 2001), using herbs in diets promoted growth
and feed efﬁciency. Kim et al. (1998b) suggested that unknown
constituents in various medicinal herbs led to favorable results
in Nile tilapia feeding trials. A wide range of herbs and aro-
matic plants were examined as prebiotic additives in Nile tila-
pia such as; fenugreek, eucalyptus, pepper, chamomile, thyme,
marjoram leaves, caraway seeds, dried leaves of guava, cam-
phor trees, garlic, black seed and fennel (Ahmad and Abdel-
Tawwab, 2011; Diab et al., 2008; Khalafalla, 2009; Mostafa
et al., 2009; Rattanachaikunsopon and Phumkhachorn, 2009;
Zaki et al., 2012; Abdelhamid and Soliman, 2012) and results
showed an improvement of growth performance. Also, Yılmaz
et al. (2013) concluded that cumin can be used as a growth pro-
moter and as an antimicrobial agent during ﬁrst feeding of
Oreochromis mossambicus. Neem Azadirachta indica dietarysupplementation had little effect on Tilapia zillii species growth
performance, compared to control variant (Jegede and
Fagbenro, 2008).
Positive effects of phyto-additives on growth and feed uti-
lization can be explained in two ways; ﬁrst that olfactory feed
ingredients like spices (basil, caraway, etc.) enhance growth
through their ability to act as feeding enhancers (El Dakar
et al., 2007; Ahmad and Abdel-Tawwab, 2011). The second
explanation may be because it contains vital compounds like
aromatic oils, essential fatty acids, vitamins, minerals, etc.
(Azeez, 2008), and these compounds may have important
effects on growth. Daniel et al. (2011) reported the presence
of high concentrations of potassium, K, (28770 mg/kg), cal-
cium, Ca, (17460 mg/kg) and appreciable concentrations of
sodium, Na, (280 mg/kg) and magnesium, Mg, (266 mg/kg)
in basil O. basilicum. It is therefore concluded that, basil con-
tains bioactive compounds and minerals that could enhance
the curative process of health. Also research in animals indi-
cates that some phyto-additives stimulate digestion with an
enhanced bile acid concentration and stimulated the pancreas
and increased secretion of digestive enzyme activities (lipases,
amylases and proteases) (Bhosale et al., 2010; Srinivasan,
2005) and this explanation coincided with the present results
where serum amylase and lipase concentrations were increased
by administration of basil in ﬁsh diets. Essa et al. (2010)
showed a signiﬁcant improvement of the growth and the diges-
tive enzyme (amylase, protease and lipase) activities by the
administration of probiotics to Nile tilapia diet as compared
to the control. Zolfaghari and Firouzbakhsh (2013) stated that
adding basil aqueous extract to rainbow trout diet may
improve the positive physiological characteristics.
Body chemical composition, in the present study; indi-
cates a signiﬁcant increase in ﬁsh protein content coinciding
with a signiﬁcant decrease in lipid content either in ﬁsh fed
basil leaves (BL) or seeds (BS). Our results were parallel
with Abdelhamid and Soliman (2012) results where they
reported that using dried leaves of guava and camphor trees
in tilapia diets signiﬁcantly improved ﬁsh carcass composi-
tion (protein, ether extract, energy content). Al Basali and
Mohamad (2010) recorded an increase of total protein con-
tent in common carp fed four herbal extracts namely; basil
(O. basilicum), cinnamon (Cinnamomum zelanicum), walnut
(Juglans regia) and peppermint (Mentha piperita). In gen-
eral, adding spices and medicinal herbs such as garlic,
onion, marjoram, caraway, basil, anise, fennel, licorice,
black seeds and fenugreek to ﬁsh diets resulted in improve-
ment of protein digestibility and energy retention (Sakr,
2003; El-Dakar et al., 2004a,b; El-Dakar, 2004 and El-
Dakar et al., 2008).
208 A.Y. El-Dakar et al.The present results show insigniﬁcant differences in HSI
values among treatments meanwhile; considerable increase in
VSI and RIL as ﬁsh fed basil seed. Intestine length is consid-
ered to be an indicator of diet (Kramer & Bryant, 1995) and,
particularly in ﬁshes, can be used for interspeciﬁc dietary com-
parisons (Karachle & Stergiou, 2010). Mohammad et al.
(2012) recorded that, HSI of O. niloticus did not display any
signiﬁcant difference among the treatments by various S. cere-
visiae levels, whereas, VSI ﬁngerlings were signiﬁcantly
(P< 0.05) affected. However, Seung-Cheol et al. (2007)
reported that when red sea bream, Pagrus major, was fed mix-
ture of four herbs namely; Massa medicata, Crataegi fructus,
Artemisia capillaries and Cnidium ofﬁcinale no signiﬁcant dif-
ferences in HSI and VSI values were recorded comparing with
the CTR group.
Cholesterol is an essential structural component of animal
cell membranes that is required to maintain both membrane
structural integrity and ﬂuidity. In the present study, an eleva-
tion in serum cholesterol levels in ﬁsh fed basil in different
forms comparing with ﬁsh fed control diet was observed indi-
cating that using of basil improved diet quality. Nakagawa
et al. (1984) stated that serum cholesterol levels were lowered
by various external factors as impaired diet quality in yellow-
tail. Also, in red sea bream reared in high density conditions,
the level of plasma cholesterol was signiﬁcantly lowered
(Tanaka and Inoue, 2005). Gatlin (2007) demonstrated that
a reduction in plasma total cholesterol level is linked to
impaired disease resistance.
As serum protein level is an important indicator of humoral
defense system of ﬁsh the increased levels of total serum pro-
tein, in the present study, when basil was used in different
forms, indicates better immunological status in ﬁsh. Dugenci
et al. (2003) reported that plasma protein level was high in ﬁsh
fed with 1% ginger added diet compared with the control
group and concluded that plasmatic protein increased in the
ﬁsh fed with plant extracts. Sado et al. (2014) reported that
total plasmatic protein in juvenile pacu Piaractus mesopotami-
cus showed a signiﬁcant effect by using mannan oligosaccha-
rides (MOS) levels. Also, an increase in total plasmatic
protein was observed in rainbow trout, Oncorhynchus mykiss
fed with prebiotics for seven days (Siwick et al., 1994) and
kutum, Rutillus frisii kutum fries fed with 3% dietary commer-
cial prebiotic for 56 days (Youseﬁan et al., 2012). Also, plasma
total protein content increased in all experimental groups com-
pared to the control group in mixed use of thyme and fennel
oils in rainbow trout (Gulec et al., 2013).
Conclusion
The present investigation showed a signiﬁcant improvement of
ﬁsh growth, feed utilization and digestive enzyme (amylase and
lipase) activities by the administration of basil seeds to sea
bream diet as compared to the control. The beneﬁcial effects
of using basil on ﬁsh growth appear to be associated with
higher protein retention and lower lipid content. The results
indicate that basil has some ability to activate the immune sys-
tem of sea bream by increasing serum total protein. Basil seed
supplementation to ﬁsh feeds appears to have beneﬁcial effects.
More research is necessary to evaluate basil supplementation
in sea bream diet according to its digestibility, amino acid pro-
ﬁle and content of anti-nutritional factors.References
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